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ABSTRACT
The objective of this quasi-experimental study was to assess whether instructorprepared mind maps increased knowledge, exam scores and final grades in undergraduate
students enrolled in an introductory human nutrition course. Two sections of the same
class (one intervention, one control) were taught by the same student
instructor/investigator. Mind maps were posted online for the intervention class
following each chapter lecture. Students tracked their study methods, including whether
they used the mind maps. Exam scores and final grades were analyzed and compared for
differences in learning and course performance between groups. There were no
statistically significant differences in exam scores or final grades between the groups,
indicating mind maps did not impact knowledge and performance. Small sample size
necessitates caution when interpreting the results. Despite no statistically significant
positive impacts, student perceptions about the maps were generally positive. Therefore,
v

the use of mind maps in human nutrition education warrants further study.
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Chapter 1
Introduction
During their academic careers, college students are required to read, analyze,
understand, assimilate, synthesize, and remember thousands of pages of text and lecture
notes. Because most of the learning that takes place is passive learning (i.e. reading and
listening) much of what is learned may be quickly forgotten.1,2,3 Being able to retrieve
and apply important facts, concepts, practices and therapies is vital for students who
choose to enter an allied health profession, such as nutrition. Material from an
introductory course in human nutrition lays the foundation for further knowledge and
learning. Retaining basic knowledge and understanding of concepts related to the science
of nutrition may give students an advantage in subsequent human nutrition courses,
reducing time spent relearning forgotten, foundational material.
Rote learning, memorization based on repetition often without complete
comprehension or mastery4, is still a common learning technique promoted by educators
and used by college students.1,5 Mind maps are a specific type of diagram, similar to
spider diagrams and concept maps, that were popularized and systemized by Tony
Buzan.6 Mind mapping facilitates a dynamic form of learning by harnessing several
cognitive functions including language, imagery, space, color and logic. The process
enables the learner to understand, conceptualize and integrate new information with
previous knowledge and experience.7,8
Research on the use of mind mapping in the education of health professionals is
limited. However, mind mapping has been found to be efficacious in learning,
understanding, and applying clinical knowledge in medical, nursing, and dental
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students.9-12
There is no research addressing the use of mind mapping in the education of
undergraduate students who take an introductory course in human nutrition. This study
used mind maps in an undergraduate three credit hour introductory human nutrition
course at an accredited university to determine if the use of mind maps promoted active,
retrieval based learning in order to increase knowledge and improve performance on
knowledge assessment exams, and ultimately final grade.
Purpose of the Study
The objective of this study is to evaluate the effectiveness of using instructor
prepared mind maps in learning material from a three-credit introductory human nutrition
course as evidenced by improved exam (4 exams) scores and final grades over the course
of one 16-week semester, as compared to a control class’ exam scores (the same 4 exams)
and final grades over the course of the same semester, where students used their usual or
preferred study techniques.
Research Questions
Does the use of instructor-prepared mind maps in a three-hour undergraduate
introductory human nutrition course improve students’ exam scores and final grades
compared to students enrolled in an undergraduate introductory human nutrition course
who do not use mind maps? In what ways did the mind maps impact the participants’
preparation for quizzes? In what ways did the mind maps impact the participants’
preparation for exams?
Null Hypothesis
There is no difference in increased knowledge, exam scores, or final grades
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between students who used instructor-prepared mind maps and those who did not use
instructor-prepared mind maps over the course of one semester in an undergraduate threecredit introductory human nutrition course.
Alternative Hypothesis
The use of instructor-prepared mind maps results in increased knowledge and
improved exam scores and final grades, over the course of one semester, in students
enrolled in an undergraduate three-credit introductory human nutrition course, compared
to students enrolled in an undergraduate introductory human nutrition course who do not
use instructor-prepared mind maps.
Measurement Tools
Measurement tools included: a baseline survey that collected demographic data on
age, gender, race/ethnicity, grade level, previous nutrition classes (if any), work
obligations, familial responsibilities (caring for children or older family members),
commonly used or preferred study techniques, level of motivation to do well in the class
measured using a 10-point Likert scale, and expected final grade; four 50-questionmultiple-choice exams; four study logs (one for each exam) where the students tracked
study time and study method(s) used; and an exit survey that assessed the intervention
group’s use of the mind maps, whether they found the mind maps useful, and whether
they would use mind maps in future classes. See Appendices A, B and C.
Operational Definitions
Exam: A multiple choice test comprised of fifty questions, used to assess
knowledge and recognition of course material, and taken by the students in the
classroom setting four times during the 16 week semester.
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Knowledge: The ability to recognize, as evidenced by exam scores, course
material from the first exam (exam 1) through the last exam (exam 4).
Mind Map: Defined as a simple graphical and concise representation of ideas and
concepts. Similar to a spider diagram, information (course material) concerning
specific topics radiates outwards from the main topic, with each additional branch
adding more information. Key words, images and color are used to group and
illustrate important concepts and facts and to help the student commit the
information to long-term memory (see Figure 1).
Figure 1: Example Mind Map

One Semester: A single semester consisting of sixteen weeks.
Trends in exam scores: Average of 4 exam scores for the intervention class, as a
whole, compared to the average exam scores for the control class as a whole,
taking the same three credit introductory human nutrition course.
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Dosage: The number of times a student reported using any of the mind maps
throughout the semester.
Motivation: Defined as the incentive or inspiration to do well in the course.
Three credit introductory human nutrition course: This course is intended for
nutrition majors, medical and allied health majors, and exercise science majors.
Topics covered included introductions to macro- and micro-nutrient; components
of a healthful diet; effects of alcohol on health; energy metabolism and weight
management; fluid and electrolyte balance; functions and sources of antioxidants;
and nutrients involved in bone health, blood health and immunity. The course is
mandated by accreditation for nutrition students and is required to meet the
general education requirements of the university for students in medical, allied
health, and exercise science majors.
Significance of the Study
This is the first study to examine the effectiveness of instructor-prepared mind
maps in an undergraduate, introductory human nutrition course at an accredited
university. This study adds to the current literature on the impact of mind maps on
enhanced knowledge and course performance.
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Chapter 2
Review of Related Literature
Studies Assessing the Use of Mind Maps as a Learning Tool or Strategy
There is a limited, but growing number of published studies evaluating the use of
mind maps in formal education, at different grade and age levels. However, published
research suggests that mind maps are particularly well suited to higher education,
specifically medical and allied health education, settings where students need to
understand not only broad concepts and specific skills, but application of those concepts
and skills to practice. Many disciplines in the health sciences require a basic human
nutrition course. Providing a strong, foundational course is important, not only for
nutrition and dietetics students who may eventually become Registered Dietitian
Nutritionists (RDNs), but also for students pursuing other careers in health care, as it may
be the only human nutrition course students take in the course of their careers. The use of
mind maps by undergraduate nutrition students has not been studied. The objective of
this literature review is to examine published research on the use of mind maps by
students enrolled in primarily medical and allied health programs, with the intent of
identifying gaps in the literature, as well as compiling previous investigators conclusions
regarding the use of mind maps.
Zipp et al.13 used a quantitative, post-test, exploratory survey study to assess
whether Doctor of Physical Therapy (DPT) students (n=21), who were enrolled in a
Management of Neuromuscular Problems course, perceived that mind maps enabled
them to more effectively organize, prioritize and integrate course material in a
neurorehabilitation class. Mean age was 26.4 year (range 24-35 years), 9 males, 12
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females were included. Mean GPA was 3.639. Dependent variables included the
participants’ perceptions of mind maps, as reported on the post-test survey administered
at the end of the course. The independent variable was participation in the mind map
group. Over the course of the semester, the students were required to create six mind
maps, one for each assigned reading for six different diagnoses. Study participants
completed two surveys, the first of which collected data related to demographics (age,
gender, ethnicity, overall GPA and course grade); the second, post-course survey
assessed perceptions of usefulness of mind mapping in enhancing organization,
prioritization and integration of course material, using a 5 point Likert scale: strongly
agree, agree, unsure, disagree, strongly disagree. Overall, participants did not perceive
(unsure, disagreed, or strongly disagreed) that mind mapping resulted in better
organization (n=13, 61.8%), prioritization (n=19, 90.4%), or integration of class material
(n=21, 100%). Study participants’ perceptions of mind mapping’s impact on improved
communication, knowledge development and retention, and overall perception of the
effectiveness of mind mapping was also negative.
Responses to open ended survey questions, however, revealed that mind mapping
was helpful and important in encouraging the students to read the assigned chapters
thoroughly and study well in advance of exams. Some examples of students’ responses
included statements that mind mapping was not their learning style and that mind
mapping would have been more beneficial had they invested more time in making and
studying the maps. Some students made the maps but did not utilize them for studying
course material. The investigators concluded that, based solely on student perceptions,
the use of mind mapping as a learning technique was not perceived to effectively promote
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organization, prioritization, and integration of course material by students enrolled in that
DPT program. However, the researchers’ findings did not repudiate the usefulness of
mind mapping as a learning tool. A major limitation of this study was the small sample
size.
Farrand et al.12, examined whether mind mapping was an effective strategy for
increasing factual recall from written material. Second- and third-year volunteer premedical undergraduate students (n=50, mean age = 20.1 years, women n=31 [62%], men
n=19 [38%]) were alternately assigned, according to the order in which they arrived for
the study, to either the mind mapping study technique group (MM n=25) or the selfselected study technique group (SSST n=25). At baseline, all participants were given a
sample text about unusual forms of transportation. This topic was chosen because of the
unlikelihood of participants having any prior knowledge of the subject. Students were
instructed to study the text using their usual study techniques. Techniques chosen by the
participants exclusively included writing down key words, re-reading, or underlining key
words. After 10 minutes copies of the text were collected, and study participants were
given a 5-minute mental arithmetic test to control for rehearsal of the text. Prior to the
study, three sets of 15 questions each were developed to test factual recall from the text.
Each of the question sets were similar in difficulty and had been piloted to avoid ceiling
and floor effects. Following the arithmetic test, each participant was given the first set of
15 questions and 5 minutes to answer the questions. Mean baseline score for the MM
group and the SSST groups were 5 and 4.8 (out of 15 possible points) respectively, not
significantly different. At the end of the baseline data collection, the remainder of the
session 1 procedures were explained to the SSST group. Following the explanation, the
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SSST group was then asked to return after a 30 minute break, and then excused. During
the intervening 30 minutes, the MM group was instructed on mind mapping techniques,
using lesson material unrelated to the previously used study text. Upon the return of the
SSST group, all participants were given ten minutes to study the original study text. The
SSST group was advised to divide the time between reading and studying the text using
their preferred methods. The MM group was advised to read the text and construct mind
maps for study. Following the ten minute preparation/study period, all participants were
given another five minute mental arithmetic problem, followed by five minutes to
complete the second question set concerning the study text. In addition, all subjects were
asked to complete a 5-point scale assessing their motivation to study the text and selfgenerated study materials (1 = very unmotivated, 5 = very motivated). All mind maps
were collected from the MM group and all study participants were then asked to return in
one week’s time for the final session (session 2). During the final session, all participants
were given five minutes to answer the final question set without first reviewing the study
text. Using the group assignment (MM or SSST) as the independent variable, and the
number of correct answers in sessions 1 and 2 separately as the dependent variables,
analysis of variance was performed. Additionally, baseline test results were used as a
covariate to examine differences in the two groups.
When adjusting for baseline score in both groups, researchers found there was no
significance in the difference between mean change of correct items (0.8 [range -0.6 to
2.3]; p=0.26) from the baseline test and the first question set given during session 1 and
the percent difference in proportion of correct answers (5.5 [ -4.3 to 15.9]). When both
baseline scores and self-reported motivation were adjusted for in both groups, the results
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from session 1 analysis were statistically significant (p=0.016); mean difference between
correct answers was 1.7 (range 0.3 to 3.1), and the percent difference in proportion of
correct answers 11.3 (2.1-20.4). Analysis of session 2 results, when adjusted only for
baseline for both groups, was not statistically significant (p=0.07) for difference between
mean correct answer (1.6 [-0.2 – 3.4]) and percent difference in proportion of correct
answers (10.7 [-1.1 – 22.5]). Because there was a significant difference in self-reported
motivation between the groups (tdf=48=2.35, p=0.02), with the MM group reporting lower
motivation, researchers adjusted for both baseline questionnaire scores and motivation in
both groups. Scores were significant (p=0.013) for difference in mean correct answers
(2.3 [0.5 – 4.1]) and percent difference in proportion of correct answers (15.3 [3.3 –
27.3]). Among the MM group, there was a 24% proportional increase in answering
correctly when compared to baseline scores, suggesting that the use of mind mapping
improved factual recall from written material over a one-week time span.
Positive motivation for the participants to use their normal study techniques was
found to correlate more strongly with the SSST group performance when answering
question sets 1 (rdf=22=0.57, p=0.002) and 2 (rdf=22=0.45, p=0.0039); whereas the MM
group reported less positive motivation to use the mind mapping technique, resulting in a
weaker correlation at both sessions 1 and 2 (rdf=22=0.41, p=0.023 and rdf=22=0.30,
respectively (p=0.07). When adjusted for baseline score and motivation, at both sessions
the MM technique produced a significantly greater number of correct items compared to
SSST, and at session 2 the single previous exposure of MM resulted in a 24% increase in
correct items compared to baseline; whereas the SSST group did not perform as well as at
baseline (-6%). One surprising finding was that the MM group self-reported lower
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motivation, likely due to reluctance to using memory strategies, and a preference for
more common study techniques (rehearsal, repetition, and summary elaboration). Based
on study results, the authors concluded that MM has the potential for improving memory
for written information. MM was not associated with a negative impact on the learning
process. Researchers also concluded that use of mind mapping seemed to be well suited
to medical curricula based around problem-based learning. Lastly, to overcome the
obstacle of low motivation to use the unfamiliar study technique of mind mapping,
researchers concluded that training in the use of mind mapping would be necessary in
order to increase enthusiasm and encourage students to use this memory strategy/study
technique. Limitations of this study include the small sample size, which limits its
generalizability.
Wickramasinghe et al.10 assessed the use of mind mapping as a self-learning
instrument for new entrants into a medical program to improve informational and factual
recall of course material. Seventy-four new students were recruited from the Faculty of
Medicine in Colombo, Sri Lanka. Subjects were randomly selected to participate in the
study and assigned, based on the students’ university entrance examination scores, to
either the mind mapping group (MM: n=34, after four dropouts) or the self-selected study
technique group (SSST: n=37). Researchers did not explain why group assignments were
made this way or address how this may have affected the study results. Researchers
selected a text on iron deficiency anemia, because the students were unlikely to have
prior knowledge of the topic, and developed four structured essay questions of similar
length and difficulty. The MM group participants were given 30 minutes of instruction
regarding how to construct a mind map, using lesson material completely unrelated to
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iron deficiency anemia. Upon completion of mind map training, all study subjects were
exposed to the study text for 45 minutes, during which time the MM group was advised
to read the text and then construct mind maps for the purpose of studying. The SSST
group members were advised to read the text and use their existing study techniques. At
the end of the 45 minute session, all study subjects had 30 minutes to answer the essay
questions. Subjects in the MM group also completed a self-administered survey
regarding their perception of the mind map study technique. Additionally, researchers
collected mind maps created by the MM group and evaluated and scored them based on
structure and content.
Upon grading the essays, the average score for the entire cohort was 34.4%. The
average score for the MM group was 31.3% and the average score for SSST group was
37.6% (absolute scores, ranges, SD, and p-value not reported). Despite the low scores,
given the unfamiliarity with the text subject and amount of time given to study and
prepare for the essay questions, researchers concluded that both groups had demonstrated
satisfactory performance when tested on the study text. Additionally, there was no
statistically significant difference between the MM and SSST groups. However, when
surveyed about the mind mapping experience, 100% (n=33) of the MM group considered
mind mapping a useful technique for memorization of information; and 97.1% (n=32)
found the technique useful in summarizing information and desired to use the technique
in future studies. The majority, (87.9%; n=29) wanted further information on mind
mapping. Based on the evaluation of the mind maps created by the subjects in the MM
group, the researchers concluded that the majority of MM group subjects understood the
process of mind mapping and incorporated appropriate elements of mind mapping into
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the maps, although the information contained in each map differed according to the
student and individual educational needs. While mind mapping was not shown to be
superior to other study techniques, students in the MM group considered the technique
helpful as a way to both summarize and memorize information compared to usual study
techniques and, thus, wanted to learn more about mind mapping and its use in future
academic studies. Study authors did not discuss any study limitations. However, small
sample size and method of group assignment may affect generalizability.
In a study that used premade mind maps, Boley14, evaluated whether a
customizable mind map template used to illustrate a variety of vital nursing knowledge,
nursing processes, and their applications to critical care would lead to measurable gains
in learning. A convenience sample of graduate nursing students (age and gender not
specified) enrolled in a critical care nursing course [N=14, mind map group (MM) n=9,
control group (CG) n=5] were recruited for participation. A mind map template was
constructed using seven phrases/key words: knowledge of patient, 5 key point of the
central topic, special skills required for patient care, assess, plan, act, and reevaluate. All
students in the class were given the same assignments, lectures, and simulated learning
labs. Each simulation lab was conducted in a classroom setting and began with a 15-20
minute preconference, during which the lab was explained and discussed. The MM
group had copies of the mind maps provided to them, upon which they could add notes.
The control group took notes in the conventional fashion. The experiment was conducted
in two phases, over the course of a 10 week quadmester. Phase 1, during which the MM
group was provided the pre-made maps, commenced at the beginning of the course, and
continued through the midterm exam (week 5). Phase 2 lasted from midterm until the
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final exam (week 10). Beginning with Phase 2, all study participants (MM and control
groups) were provided the premade mind maps, with the remaining students enrolled in
the course (n= not provided), regardless of the class section, acting as the control group
(total number of students enrolled in the course and number of sections not specified).
Seven 10-question quizzes designed to assess students’ comprehension and application of
clinical decision making related to specific patient scenarios, a 50-question mid-term, and
a 50-question final exam were completed by each class member. During the last day of
the simulation lab, all study participants (MM: n=9 and CG: n=5) completed an 8-item
survey designed to assess student opinions about the mind maps. For questions 1-6, the
participants indicated the strength of agreement with a statement concerning the mind
maps, using a scale of 1–5. The final two open-ended questions determined students’
attitudes toward the mind maps. Average GPA for each group (MM and CG) was
calculated at the beginning of the quadmester. Group GPA for the MM group was 3.76;
group GPA for the CG was 3.72. Weekly quiz scores were tracked by group and
average, as were the scores for the mid-term and final exams. Exit surveys were
reviewed for common patterns. The researcher found that the template allowed for
improved grading validity, as the maps were found to minimize the number of variables
when analyzing quiz and exam scores.
The maps were well accepted, used and referred to by the study participants, and
easily incorporated into patient simulations. The study author reported that during phase
1, the MM group consistently scored better on quizzes (grade averages not provided) than
the control group whose average quiz grade was 84.82%. During phase 2, when the CG
was also provided with the mind maps, the CG’s average quiz grades improved to 98.3%
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in week seven, and 95.0% in week eight. During week 9, the lab was unexpectedly
cancelled, and students did not receive the mind map before the weekly quiz, which
resulted in lower overall scores (grades not specified) among those who normally
received the mind maps. The researcher also found that the mind maps were used for
note-taking and as a reference tool during lab simulations. Overall, study subjects found
the maps easy to read and helpful in preparing for their lab work. Most (number not
provided by the author) of the students expressed the desire to have premade mind maps
for other nursing topics. In spite of the positive effects on the participants’ grades,
learning, and the desire for more ready-made mind maps, the majority of the students
indicated that they would not make their own mind maps in the future, primarily because
the maps were perceived as being “too difficult or time consuming to make.” The study
author concluded that while mind mapping, in theory, places emphasis on the creation of
mind maps during the learning process, the subjects in this study benefitted from the use
of premade mind maps provided to them by the instructor. Student who received
premade mind maps performed better on quizzes; conversely, when they did not receive
the mind maps their quiz scores dropped. Mind maps were effective in bolstering
understanding of concepts in critical care. Because of small sample size, findings may
lack generalizability.
In a pilot study, Kalyanasundaram et al.15 used an experimental design to examine
whether the use of mind mapping improved the memory component of cognitive learning
in medical students. The study sample included 6th semester medical students (n=64)
enrolled and present in a community medicine class on May 10, 2014. Students not in
class that day were excluded from the study. Using a lottery technique, the study
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participants were randomized into two groups: Group 1 (n=32; 15 males [46.9%], 17
females [53.1%]), and Group 2 (n=32; 15 males [46.9%], 17 females [53.1%]). Each
group was assigned to one of two separate lecture halls. Prior to the study, researchers
randomly selected a sample text from a community medicine textbook. Study authors
then designed and validated a test, consisting of 10 multiple choice questions, about the
study text. Prior to distribution of the study text, both groups took the predesigned test to
establish baseline knowledge. Following the baseline test, Group 1 was given 20 minutes
to read and study the text using their routine text reading method. At the end of the 20
minutes, Group 1 took the same test a second time to assess changes in knowledge.
Following the baseline test, Group 2 received 20 minutes of instruction on the use of
mind mapping as a learning technique. Immediately following the mind mapping lesson,
Group 2 was given 20 minutes to read and study the same text using mind mapping. At
the end of the 20 minutes, Group 2 also retook the same test to assess changes in
knowledge. Seven days later, both groups were given the same predesigned test, without
having the opportunity to review the study text. Gain in knowledge was used as the
dependent variable. Student t-tests were used to analyze differences in mean scores
between groups.
At baseline, mean knowledge score for Group 1 was 2.6 vs. 3.5 for Group 2,
demonstrating that students in both groups had some previous community medicine
knowledge. The difference in baseline scores was not statistically significant (p=0.08).
Immediately following the intervention, mean knowledge score for Group 1 was 8.7
versus 9.0 for Group 2; the difference not statistically significant (p=0.26). After one
week there was a statistically significant difference in mean knowledge scores: 8.5 for
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Group 1 versus 8.9 for Group 2 (p=0.03). When comparing changes in knowledge from
baseline to post-test 1 (day 0), Group 1 made a 6.2 point improvement (researchers
appear to have made an error in calculation, or misreported the mean baseline score for
Group 1), whereas Group 2 made a 5.5 point improvement, not statistically significant
(p=0.08). Comparisons were made in gain in knowledge from baseline to post-test 2
(day7) for both groups. The difference between mean score for Group 1 was 6 (again
suggesting that researchers made an error in calculation or misreported the mean baseline
score for Group 1); the difference for Group 2 was 5.5 (p=0.16). Gain in knowledge
from day 0 to day 7 were also not found to be statistically significant. Combined mean
differences for both groups from post-test 1 (day 0) to post-test 2 (day 7) was -0.87 (95%
CI: -1.46, 0.08). Combined mean difference for Groups 1 and 2 between baseline and
post-test 2 was 0.57 (95% CI: 1.3, 0.22). Chi-square test were used to analyze the
differences between groups’ rating of methods of instruction (traditional read and note
taking vs. mind mapping). Using a Likert scale (poor, good, very good, excellent),
students rated various parameters of the two methods of instruction: objectives clearly
stated, audience interest, confinement to topic, understanding, time management,
objectives achieved, and overall rating. In each parameter, the mind map teaching
method received higher ratings. The overall rating for the mind map technique was
especially high: (n=23 [71.9%] very good, n=9 [28.1%] excellent, p=0.001). Subjects’
comments and suggestions regarding the mind maps showed the maps helped increase
attention, were interesting, easy to understand, and increased retention. Researchers
determined the groups were well matched, both in gender and baseline knowledge.
Differences in post-test 1 scores were not significant, suggesting that mind mapping
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technique is not necessarily a superior learning/informational retrieval strategy in the
short term. However, Group 2 performed significantly better (p=0.03) on post-test 2 than
Group 1, despite Group 2 receiving only a brief introduction to mind mapping and no
practice time during which to improve proficiency, suggesting that mind mapping is
effective in long term retention of knowledge. Study limitations include small sample
size, although post-study power analysis (69%) was sufficient to detect differences
between the two methods of study/learning. Also, the convenience sample of 6th
semester medical students may not be representative of medical students in general,
which may limit generalizability. Although not mentioned by the study authors,
performance bias might also be considered a limitation, as the same test was used three
times and students continued to be exposed to concepts in that particular class that might
relate to test items.
Motivation, or lack of, is frequently noted by researchers as a barrier to the use of
mind maps by students. Jones et al.16 examined the effects of mind mapping on
motivation and effort in undergraduate students, enrolled in one of two sections of an
educational psychology course, through participation in three different socially mediated
mind mapping activities: individual mind mapping outside the classroom (low social
mediation), individual mind mapping in the classroom setting with the teacher present to
answer questions and provide a learning scaffold (medium social mediation), and mind
mapping in collaboration with 3-4 other students in the classroom with the teacher
present to provide help (high social mediation). The MUSIC model of Academic
Motivation was used by the students to rate each activity and their effort. The model
consists of five components and two sub-components, operationally defined as follows:
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1) eMpowerment – students’ perceived control over learning. 2) Usefulness – students’
belief that content material is useful, either short- or long-term. 3) Success – students’
belief that with appropriate effort they can achieve competence in learning course
material. 4) Interest (situational) – positive engagement in a context-specific
environment lasting a brief period of time. 4a) Interest (individual) – interest in a topic
over time or viewing a topic as personally important. 5) Caring (academic) – where the
student believes the instructor cares about their academic success. 5a) Caring (personal)
– where the student believes the instructor cares about their wellbeing and welfare.
Subjects included undergraduate students (n=40) enrolled in one of two sections of an
educational psychology course, taught by two different instructors, 16 (40%) students
from one section, and 24 students (60%) from the other section. The majority were
female (n=34, 85%); 22 (55%) were juniors, 18 (45%) were seniors. Race/ethnicity
distribution was as follows: Caucasian (n=34, 85%), Asian or Pacific Islander (n=4,
10%), and Hispanic (n=2, 5%). Instructors collaborated on syllabus development to
ensure similar course experiences. Mind maps were based on chapters from the course
textbook and lecture notes. The instructors assigned the mind maps in different order
(Maps 1, 2, and 3 versus Maps 2, 3, and 1) to control for a potential novelty effect, and
because mind mapping instruction was provided after students created their first mind
map. Three on-line questionnaires were completed, outside class time, over the course of
three weeks: the first two after completing the first two mind mapping assignments and
before starting the next assignment, the third after completing the final mind mapping
assignment. Each questionnaire used a 7-point Likert scale to measure MUSIC model
components, excluding personal caring. Questionnaire three also asked the subjects to
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rank each mind mapping activity according to preference, enjoyment, and which was
most helpful in learning course content, and to explain the rational for said rankings by
answering open-ended questions designed to elicit subjects’ reflections on the three
assignments. Quantitative analyses (descriptive statistics, t-test, ANOVA, and
correlations) were preformed using SPSS version 18.0. Two of the researchers
independently coded answers to two questions: “What are some of the things you liked
best about creating your mind maps?” and “What are some of the things you liked least
about creating your mind maps?” Responses to the first question resulted in 140 codes,
which researchers sorted into the various MUSIC categories. Responses to the second
question resulted in 84 codes that were also sorted according to MUSIC categories.
Shorter code lists were then created describing main groups of codes related to MUSIC
categories and sub-categories. Inter-rater reliability analysis found that the researchers
agreed on 45% of the codes for the ‘like best’ question, and 42% for the ‘like least’
question. Due to low agreement, researchers reached a consensus as to the most
appropriate response where coding differed. Common themes were also identified for
explanations of map rankings according to preference, enjoyment, and learning.
Scores for MUSIC categories showed that students felt most empowered making
Maps 2 and 3; mean = 5.52 ± 0.86 and 5.52 ± 0.96, respectively. Map 1 was considered
most useful; mean = 5.1 ± 1.16. Students perceived the greatest success with Map 3;
mean = 5.98 ± 0.76. In the areas of interest situational (mean = 4.94 ± 1.21), interest
personal (mean = 5.12 ± 1.13), caring academic (mean = 6.28 ± 0.90), and effort (mean =
5.18 ± 1.05), Map 2 was considered most effective. After excluding empowerment and
effort, additional analyses were done to compare mean values between the groups for the
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remaining MUSIC components. No statistically significant differences (p=1.00) were
found. Reasons cited for disliking the assignments included creative challenges, coming
up with ideas, discomfort with the study technique, and preference for more familiar
study techniques. Based on the combined results of study analyses, researchers
concluded that: students found mind mapping somewhat empowering and somewhat
useful, students felt capable of success, students were somewhat interested in mind
mapping, the assignments were considered somewhat important, and instructors almost
always cared about students’ academic success. The researchers also concluded that
students found the three mind mapping assignments somewhat motivating. Both
academic caring and success averaged 6 on the 7-point Likert scale. Researchers felt that
analyzing effort in the context of the MUSIC model was validated by the fact that effort
had a positive correlation with each component. Social ranking of the assignments
showed that most students preferred working alone outside of class, then working as a
group in class. Individual enjoyment was linked to greater learning, except for Map 3.
Social engagement was a main reason cited by students who enjoyed Map 3 most.
Researchers identified the following limitations: sample size, subjects were exclusively
from an educational psychology course which may have influenced their perception of
mind mapping, and all data were self-reported. The researchers recommended that future
studies employ additional means of collecting data, such as interviews and quantitative
measures (e.g. exam scores and objective mind map grades).
Many of the previous studies assess the use of mind maps in upper classmen or
graduate level students. Rosciano17 studied the use of mind mapping in associate degree
nursing students. Students were enrolled in a critical thinking, writing intensive course,
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which focused on “a nurse’s ways of knowing.” Participants (n=30) included male and
female students (percentages not given), age range 24-65 years, enrolled at a state college
of nursing. One week prior to the intervention, students were given a reading assignment
including an article on the use of mind mapping for critical thinking and an article on
reflective thinking in nursing practice. Students were also to watch How to Mind Map by
Tony Buzan (2010) on YouTube, which explained the origins of mind mapping, how it
supports critical thinking, and the process of making a mind map. On the day of the
intervention, students self-selected groups, consisting of 4-5 students. A cooperative
structure, using three steps (silent thinking about critical thinking, exchanging ideas with
group members, and sharing their mind maps with the class) was used to assess the
students’ understanding of the critical thinking process. Each group was given a 36” x
48” Post-it paper and 45 minutes (originally planned to be 30 minutes, but extended to 45
minutes to quell students’ concerns about not having enough time) to mind map the
critical thinking process. During the activity, researchers moved between groups,
listening to group conversations and observing the creation of the maps, allowing the
researchers to assess students’ understanding of both critical thinking and mind mapping,
and identify and correct any problems with either aspect of the assignment. Learning
objectives (understanding critical thinking and mind mapping processes) were assessed
using three methods of evaluation. First, an instructional rubric for students’ selfassessment, introduced prior to the intervention and to be used during the assignment,
which was designed with three purposes: a) a mind mapping instructional guide, b) to
enable students to achieve proficiency, c) researcher evaluation of the mind maps. The
second method of evaluation was formative assessment, in the form of researchers’
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constructive feedback during the mind mapping activity and an open forum where
students commented on the construction of their mind maps. The final method of
evaluation was a post-intervention Mind Mapping Student Evaluation Questionnaire,
which was used to evaluate students’ learning experience, and to also help the students
realize the value of this particular study technique. The questionnaire consisted of 9
items, which the students rated using a 4-point Likert scale (strongly disagree, disagree,
agree, strongly agree), and one open-ended question, “How did this group activity
enhance your learning?”
When assessing mind map content (i.e. inclusion of major components of critical
thinking) using the rubric, 66% of students achieved four points (on a scale of 0-4) and
33% achieved three points, showing that the critical thinking process was not well
understood by approximately one third of students; these students tended to use examples
of nursing interventions, rather than components of the critical thinking process.
Assessment of radiant thinking (i.e. ideas radiating out from the central topic (critical
thinking), showed that 66% of students achieved a score of four. In the categories of
format, color, and verbosity (i.e. key words), 100% of students achieved a score of four.
In the neatness category, 90% of students received a score of four. Ninety-three percent
of students felt the intervention enhanced their creativity; 97% felt that the intervention
was useful and effective in providing greater perspective and understanding of critical
thinking; 97% were able to relate the ideas on their mind maps to their roles as nurses;
93% agreed that they were given sufficient time to complete the assignment. Students’
responses to the question regarding enhanced learning included: thinking about how
nurses come to conclusions regarding patient care; exploring critical thinking by
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visualizing level of critical thinking required in patient care; helping organize thoughts
about critical thinking and sharing best thoughts. Other comments about the assignments
included: enjoyable and fun; logical organization and flow of thoughts about critical
thinking; relating critical thinking to nursing process; encourage thinking outside the box;
enabling the breakdown and analysis of critical thinking process. The researchers noted
that while previous studies showed nursing students preferred passive learning, the
majority of students in this study enjoyed the active, hands-on learning process that
stimulated and expanded their thinking about and understanding of critical thinking in
nursing practice. Through formative assessment, the researchers were able to identify
students’ learning contributions to their peers. The exercise helped the students realize
the numerous essential steps in the critical thinking process needed to analyze clinical
problems and support clinical decisions regarding patient care. Formative feedback on
the mind maps fostered students’ reflective thinking, application of nursing processes,
and expansion of thoughts concerning critical thinking. Students reported that individual
group discussion aided learning and class discussion increased understanding of critical
thinking and mind mapping. Students’ interest in mind mapping continued through class
discussion where mind mapping experiences were freely shared, and students concluded
that mind mapping would be useful in other courses. A limitation of this study was the
self-selection during group formation, resulting mainly in homogenous groups of friends,
which may have resulted in bias and limited generalizability. Randomization may have
yielded different results. Small sample size (n=30) and restriction to associate degree
nursing students may have also limited the generalizability of the results. Researchers
recommended further research focus on preparatory work assigned to students enabling
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them to construct more comprehensive mind maps. Researchers concluded that mind
mapping may be used in nursing curricula for exam preparation and as assignments to
gain maximum benefit from this study technique.
In another comparative study, Teli et al.18 examined the effectiveness of mind
mapping versus didactic (teacher-centered lectures) instruction in students taking a
neuroanatomy class. A randomized controlled cross-over study design was used to assess
students’ perceptions regarding use of mind mapping in neuroanatomy instruction, and to
compare knowledge scores of students in each of the two different teaching techniques.
Students willing to participate in the study were included. Exclusion criteria were being
absent or being unwilling to participate in the study. The sample consisted of Bachelor of
Medicine Bachelor of Surgery (MBBS) students enrolled in a neuroanatomy class (n=80).
Demographic information was not provided. Participants were randomized into two
groups: Group I – Mind Mapping (n=40), and Group II – Didactic lecture (n=40). The
study was conducted over two separate sessions. In Session 1, Group I received a 45minute lecture on the spinal cord using a mind map, followed by time to answer any
questions or address any concerns. Group II received a 45-minute lecture on the spinal
cord utilizing a black board, also followed by time to answer students’ questions or
concerns. Immediately following the lectures, a pre-validated multiple-choice knowledge
questionnaire was given to both groups by two different faculty members. The students
were given 10 minutes to complete the questionnaire. Students in Group I also
completed another questionnaire, using a 4-point Likert scale (strongly disagree –
strongly agree), to assess students’ perceptions of mind mapping as a teaching method.
Session 2 followed the same design, except that the lectures were over the thalamus, and
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Group I received the didactic lecture and Group II received the mind map lecture and
answered the additional questionnaire regarding perception of mind maps as a teaching
tool. Descriptive statistical analysis was conducted using parametric two-tailed t-test to
compare knowledge (exam) scores. Quantitative analysis was preformed using nonparametric, rank-based, Mann-Whitney u-test, due to lack of normal distribution.
When assessing interest, innovation, and increased attention, 50 to 60% of
students strongly agreed that mind mapping was effective. Knowledge (exam) scores
were compared. Results of unpaired t-tests are as follows: In session 1, the mean exam
score was 2.53 ± 1.48 for the study group (Group I) versus 3.83 ± 1.12 for the control
group (Group II). Standard Error Mean for Group 1 was 0.18 versus 0.24 for Group II.
Difference between means was -1.3 ± 0.29, p<0.0001. In Session 2 (crossover), the mean
exam score was 2.10 ± 1.16 in the study group (Group II) versus 4.18 ± 1.13 in the
control group (Group I). The Standard Error Mean for Group II was 0.17 versus 0.16 for
Group I. Difference between means was -1.87 ± 0.23, p<0.0001. Mann-Whitney U-test
results are as follows: In session 1 (study vs. control, respectively): n=40 both Groups I
and II. The sum of ranks for Group I was 2015 versus 1226 for Group II; u=405.5,
p<0.05. In Session 2 (crossover), n=40 for both groups. The sum of ranks for Group II
was 2239 versus 1002 for Group I; u=181.5, p<0.05. Analysis of the students’ perception
of mind mapping as a teaching method were as follows: 90% of students found the maps
interesting, 82.5% found maps increased attention and improved understanding of lecture
content, 72% agreed the method was creative, and 65% preferred or recommended mind
mapping over traditional lecture method. Positive statements about mind mapping
lectures included: loved/enjoyed it, ‘very interesting and innovative’, ‘should implement

26

throughout academic year’, and ‘will use for other subjects.’ The researchers noted that
while students enjoyed creating mind maps, mind mapping can be difficult because it
required understanding of the map’s topic, the ability to convey information using
pictures and key words, as well as strategic thinking. Means knowledge score for study
group and control group for sessions 1 were 85% and 73% respectively. Mean
knowledge score for study and control groups for session 2 were 50% and 38%
respectively. These finding were supported by other research that showed that mind
mapping improved learning. The study design limited researchers’ ability to study the
effect of mind mapping on long term recall, critical thinking, and teacher-centered versus
student-centered maps.
Muchhal et al.19 conducted an interventional questionnaire-based study to
examine both the efficacy of mind mapping as a learning tool and the use of mind
mapping’s potential for information retrieval among dental students. Study participants
(n=90; 51.2% male, 48.8% female) were randomly assigned to one of two groups: Mind
mapping (MM) test group (n=45) and control group (n=45). Mean age was 20.97 ± 1.14
years. The MM test group was provided with two training sessions on mind mapping.
Session 1 covered a brief introduction to mind mapping, how to make and use mind
maps, and how it differed from the more common practice of reading and note taking.
Session 2 focused on the application of researcher-made mind maps about the Oral
Hygiene Index (OHI) and the Oral Hygiene Index Simplified (OHI-S); the use of maps
for maximal information retrieval was also explained. The control group received a
conventional lecture on OHI and OHI-S. Following the lectures, subjects in both groups
were given a validated self-administered questionnaire, the first part of which included

27

questions about the participants’ demographics. The second part consisted of 15 multiple
choice questions concerning the OHI and the OHI-S to determine baseline knowledge.
Participants were given 45 minutes to complete the questionnaire. Seven days later,
participants completed part 2 of the same questionnaire to assess knowledge and retention
gains. Immediately following the post-test, all participants completed an additional
questionnaire, using a 4-point Likert scale (poor, good, very good, excellent), rating and
providing feedback on the two instructional method. Data analyses were preformed
using SPSS (version 18.0).
Ninety students completed the first portion of the study. Eight students (0.9%)
dropped out, four from each group. Intergroup comparison was made of gains in
knowledge from pre-intervention to post-intervention. MM group gain in knowledge
score was 7.74 vs. control group score of 3.43 (p<0.001). Comparison of intragroup
gains in knowledge revealed MM group increased from a mean baseline score of 6.09 ±
2.04 to a post-intervention mean score of 13.60 ± 0.99 (p<0.001). The control groups’
mean baseline score was 5.29 ± 2.52 and post-intervention score was 8.73 ± 2.13
(p<0.001). Mind mapping lectures rated higher according to students’ perceptions in
every category (Objective, Interest, Confinement, Understanding, Retention; Objective
achieved, and Overall), as assessed using the 4-point Likert scale, compared to the
control group; p=0.001 for comparison across all categories. Based on findings that
students achieved greater retention using mind maps compared with conventional
teaching methods, and that mean post-intervention test score were significantly greater in
the MM group, researchers concluded that deeper learning, reflective thinking, and
greater retention were better achieved using mind maps. Small sample size and limited
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literature for comparison were listed as limitations for this study. Recommendations
included inclusion of mind mapping in course work as it requires no cost or expense, and
that mind mapping should be used with every project where large amounts of information
need management and/or synthesis.
Summary of Previous Studies and Rationale for Study
Mind mapping as an effective self-study tool has not been consistently
demonstrated. However, the results of this literature review indicate that mind mapping
may be efficacious in improving long-term recall and in understanding and applying
broad concepts in patient care to actual practice. Regardless of the positive effects of
mind mapping on factual memory and the ability to comprehend and apply the principles
of patient care, there seems to be student resistance to the use of mind mapping. Mind
mapping has been perceived as being too difficult or too time consuming. Acceptance of
pre-made mind maps was much higher and positive effects were demonstrated.
Understanding students’ perceptions regarding the benefits and barriers to the use of
mind maps and mind mapping was helpful in the design of a proposed study on the use of
instructor-prepared mind maps by undergraduate nutrition students. Providing sufficient
training and encouragement in the use of mind maps and/or mind mapping may be
necessary to facilitate greater gains in knowledge and better exam scores for students in
an introductory human nutrition course by promoting active, retrieval-based learning.
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Chapter 3
Methodology
Methods
This study was approved by the Office of Institutional Review Board (OIRB) at
the University of New Mexico (UNM).
The purpose of this quasi-experimental study was to evaluate the use of mind
maps, developed by the student investigator/instructor, as a tool to enhance learning and
course performance in a college level introductory human nutrition course. Convenience
samples of students from two different sections of the same nutrition course, taught by
the same student investigator/instructor, were used in this study. A coin toss was used to
determine which class was to receive the intervention and, by default, which class would
serve as the control group. Students in the intervention class were free to choose to use
the mind maps.
Inclusion criteria for this study were: enrollment in one of the two sections of the
human nutrition class at UNM; being able to understand, read and write in English; and
consenting to participate in the study. Exclusion criteria were: refusal or failure to
consent, dropping the class, or being dropped from the class by the instructor for lack of
attendance as per UNM policy, and/or the inability to understand, read and write in
English.
All instructional materials (lecture PowerPoints and mind maps) were based on
the required text, The Science of Nutrition, 4th edition. Thompson, J.L., Manroe, M.M.,
and Vaughan L.A. Pearson Education, Inc. Measurement tools included: a baseline
survey that collected demographic data (age, race/ethnicity, etc.), students’ major,
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previous higher education, previous nutrition classes (if any), preferred study techniques,
and reported levels of motivation to do well in the class; four 50-question-multiple-choice
exams; four study logs where the students tracked study time and study method(s) used;
and an exit survey that assessed the intervention group’s use of the mind maps, whether
they found the mind maps useful, and whether they would use mind maps in future
classes. See Appendices A, B and C.
Table 1. Measurement Tools
Assessment Tools
Baseline
Survey

Taken by participants in both groups, immediately
following the consent process

4 Exams

Given to both groups at the end of each unit:
Exam 1 – Chapters 1-4
Exam 2 – Chapters 4.5, 5-7
Exam 3 – Chapters 8, 9, 13
Exam 4 – Chapters 10, 10.5, 11 and 12)

100 pts. ea.

Study logs (one for each exam) were collected at the
beginning of class, on the day of each corresponding
exam.

4 pts. ea.

4 Study logs

Exit Survey

Give to the intervention class immediately following
the final exam (Exam 4)

Prior to the beginning of the study, the student investigator/instructor developed
PowerPoint slides and mind maps for each of the first thirteen chapters of the course
textbook. The mind maps were developed using iMindMap 10 software.20
The information in the mind maps (i.e. the same key words and images)
corresponded directly to the information provided in the PowerPoint slides that were
presented to both classes by the student investigator/instructor.
The initial plan was to consent the students in both classes (control and
intervention) at the beginning of the third week of the semester, after the UNM deadline
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for students to add or drop classes for the semester. However, there was a delay in
obtaining OIRB approval and the students in both groups were consented at the
beginning of the fifth week of the semester (Tuesday, February 13, 2018). The first exam
was given during the second class period of the same week (Thursday, February 15.
2018).
The day that Group I (Intervention) and Group II (Control) were consented, the
student investigator/instructor completed the scheduled lecture 20 minutes early in both
class periods. At the conclusion of the lecture, the student investigator/instructor left the
room, and another member of the research team used the final 20 minutes of class to go
through the consent process. This was done so that the students would not feel pressured
by the student investigator/instructor to participate in the study against their will. The
research team member spent approximately ten minutes explaining the purpose of the
study, the consent process, and answered students’ questions regarding the research.
Once all the students’ questions were answered, a consent form and baseline survey were
distributed to each student. All students present in each class during the consent process
were required to complete the consent form and indicate whether they chose to
participate in the study. Students who chose not to participate in the study were not
required or expected to complete the baseline survey. Completed consent forms and
baseline surveys were then collected by the same research team member and placed in
designated manila envelopes – one for Group I (Intervention) and one for Group II
(Control). The envelopes were stored in a locked office on UNM main campus.
Students who were absent on the day of the consent process were contacted via
email by a research team member (not the student investigator/instructor) and an
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appointment was scheduled to go through the consent process. For those students who
missed their appointments (Intervention class n=14, Control class n=0), one final attempt
to administer the consent process was made at the end of the next class period following
the first exam (Tuesday, February 20, 2018). Students who had not been consented were
asked to remain in the classroom, while the rest of the class was dismissed 10 minutes
early. The consent process was administered by a research team member (not the student
investigator/instructor) as previously described. The final number of participants in the
intervention group was n=48, and the final number of participants in the control group
was n=31.
For the purpose of later matching data to each participant, and in order to protect
students’ information and keep responses anonymous, the students were instructed to
provide only the last 5 digits of their UNM student identification number on the baseline
survey and all other study materials (study logs and exit survey).
After the student investigator/instructor completed the lectures for Chapter 1,
during the first week of class, an explanation on how to use the mind maps (see Appendix
D) and the instructor-prepared mind maps for Chapter 1 (see Appendix E) of the required
text, The Science of Nutrition, 4th ed., were posted on Blackboard for Group I
(Intervention). Blackboard is an online education tool, used by UNM, that allows
instructors to post course materials and grades for student access.21 Group II (Control)
was not provided with mind maps from the instructor. For the entire 16-week semester,
mind maps for each textbook chapter were posted for Group I (Intervention) on
Blackboard, on the same day that the lectures for each chapter were completed. See
Table 2.
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Table 2. Schedule for Posting of Mind Maps in Relation to Scheduled Quizzes and Exams
Chapter mind maps
When posted to Blackboard for Group 1
Chapter Quiz/Unit Exam
(Intervention)
Chapter 1
Following 2nd class period, week 1
Quiz ,1st class period, week 2
nd
Chapter 2
Following 2 class period, week 2
Quiz, 1st class period, week 3
nd
Chapter 3
Following 2 class period, week 3
Quiz, 1st class period, week 4
Chapter 4
Following 1st class period, week 5
Exam One, 2nd class period, week 5
Chapter 4.5
Following 1st class period, week 6
Quiz, 2nd class period, week 6
st
Chapter 5
Following 1 class period, week 7
Quiz, 2nd class period, week 7
Chapter 6
Following 2nd class period, week 7
Quiz, 1st class period, week 8
Chapter 7
Following 2nd class period, week 8
Exam Two, 1st class period, week 10
Week 9 – Spring Break
Chapter 13
Following 2nd class period, week 10
Quiz, 1st class period, week 11
Chapter 8
Following 1st class period week 12
Quiz, 2nd class period, week 12
Chapter 9
Following 1st class period, week 13
Exam Three, 2nd class period, week 13
st
Chapter 10
Following 1 class period, week 14
Quiz, 2nd class period, week 14
Chapter 10.5
Following 2nd class period, week 14
Quiz, 1st class period, week 15
Chapter 11
Following 2nd class period, week 15
Quiz, 1st class period, week 16
nd
Chapter 12
Following 2 class period, week 16
Exam Four, Finals week (week 17)

At the beginning of the class period following the completion of each chapter
lecture and posting of the associated mind maps, either the same quiz or same exam that
covered the material in the corresponding textbook chapters was given to both groups.
Chapter quizzes covered the following chapters: 1-3, 4.5, 5, 6, 13, 8, 10 10.5 and 11. No
quizzes were given for chapters 4, 7, 9 and 12 as the exams were given during the next
class sessions and the students’ knowledge of these chapters was assessed via the exams.
Eleven chapter quizzes and four exams were used to assess learning. Grades for the
quizzes and exams for both groups were posted on Blackboard for the students’ access.
On scheduled exam days, at the beginning of each class period, all students who
had completed a study log for the exam (whether they participated in the study, or not)
were asked to submit a hard copy of their study log. Study log submissions were
recorded on a form designed by the student investigator, which was subsequently used to
determine which students would receive the extra credit points associated with each exam
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study log. Each study log was worth four extra credit points, regardless of whether the
student consented to participate in the study. The study logs submitted by the students in
each class, for each of the four exams, were placed in designated manila envelopes. The
envelopes were stored in a locked office on UNM main campus. Based on the
information recorded on the study log submission record, four extra credit points were
posted on Blackboard for any student who submitted a study log.
Along with the fourth and final exam, all students in Group I (Intervention) were
given a copy of the exit survey to assess their use and perceptions of the mind maps;
however, only participating students were asked to complete the survey. After
completing the fourth exam, and prior to leaving the classroom, participating students in
Group I (Intervention) completed the exit survey and turned it in at the same time they
turned in their final exam. The exit surveys were collected by the student
investigator/instructor and were placed in a designated manila envelope, which was then
stored in a locked office on UNM main campus.
At the beginning of the Fall 2018 semester, the envelopes containing the consent
forms were opened and reviewed by the student investigator to determine which students
had consented to participate in the study. An Excel spreadsheet with the names and last
five digits of the students’ ID numbers was developed and indicated participating and
non-participating students in each class. The lists of consenting and non-consenting
students were then double, and triple checked for accuracy by the student investigator.
The spreadsheet was stored on a password protected USB flash drive. This spreadsheet
would later be used to sort the quiz and exam scores, study logs and the surveys of the
consenting study participants from the materials of those who did not give consent.
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At the beginning of the spring 2019 semester, the remaining envelopes containing
study data (baseline and exit surveys, and study logs) were opened and sorted by the
student investigator. In any instance where a participating student provided their name
and/or complete student ID number on any of the study materials (survey or study log),
the name and all but the last five digits of the ID number were redacted, using a black
Sharpie pen, by the student investigator. Any survey or study log belonging to students
who did not consent to participate in the study, or did not complete the course, were
destroyed using a cross-cut paper shredder.
After destroying, by cross-cut shredding, material from the non-participants, the
last five digits of the participating students’ ID numbers in each group were entered into a
new Excel spreadsheet. The remaining data (quiz and exam grades, study logs, and
surveys – baseline and exit), corresponding to each participant, were then coded and
entered into the same new Excel spreadsheet in the following order: last five digits of
study participant ID number, quiz scores, exam scores, baseline survey data, study logs,
and exit survey data. After the student investigator assigned each participant with a new,
anonymous identification number, the student investigator deidentified the data by
removing the column containing the last five digits of the participants’ student ID
number. Prior to deidentification, the data was double, and triple checked for accuracy.
The new spreadsheet was stored on a password protected USB flash drive. The original
spreadsheet used for sorting purposes, that listed both consenting and non-consenting
students and the last five digits of their ID numbers, was then erased and deleted.
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Quantitative Analysis:
After double and triple checking for accuracy, all data were cleaned and coded for
analysis. Quantitative analysis was performed using SAS v9.4, SPSS v27, and R v3.6.1
statistical programs. SAS was used to analyze the baseline survey demographic data and
provide basic descriptive statistics, i.e. mean and standard deviation for continuous
variables and percent and frequency for categorical variables, Normality of continuous
variables were assessed via Shapiro-Wilk tests. For normally distributed outcome
variables, two-sample t-tests were used to assess differences between groups. For nonnormally distributed outcome variables, Wilcoxon two-sample tests were used to assess
differences between groups. Mantel-Haenszel Chi-Square tests were used to assess
differences in categorical variables between the two groups. R was used to preform
linear regression models examining the relationship between various dependent variables
(final grades, mean exam scores, dosage, and motivation to use the mind maps) and
independent variables (dosage, gender, ethnicity, employment, number of credit hours
taken, and motivation). SPSS was used to analyze differences in mean exam scores
between Hispanic and non-Hispanic students in both the MMU and NU groups. A pvalue of less than 0.05 indicated statistical significance.
Upon analysis of the study logs, it became apparent that there was considerable
contamination in the control group. Approximately 26% (n=8) of the students had gained
access to some, or all, of the mind maps and reported using them on their study logs.
Therefore, based on the recommendations of two statisticians at the UNM College of
Education Methodology Group, and because of the very small sample size, for the
purposes of statistical analysis the participants were regrouped in those who reported
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using the mind map one or more times, or Mind Map User (MMU, n=40) and those who
did not use the mind maps, or Mind Map Non-users (NU, n=36), regardless of group
assignment during the study.
Qualitative Analysis:
Qualitative data were used to assess barriers to using the mind maps and to help
answer the following research questions:
•

In what ways did the mind maps impact the participants’ preparation for quizzes?

•

In what ways did the mind maps impact the participants’ preparation for exams?

The qualitative data was theme coded by the student investigator and another research
team member. The student investigator and a member of UNM College of Education and
Human Sciences Methodology Group, who specialized in qualitative analysis, analyzed
the qualitative data by identifying the most common themes. The student investigator
then selected comments that served as representative examples of the most common
themes and comments.
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Chapter 4
Results
On the day that the consent process was first administered, there were 49 students
enrolled in the control class and 72 students enrolled in the intervention class. Of the 49
students in the control class, 14 (29.6%) did not consent to participate in the study, and
four (8.2%) students who did consent to participate in the study dropped the class before
the end of the semester. Of the 72 students in the intervention class, 13 (18.1%) students
did not consent to participate in the study. Another nine (12.5%) students failed to keep
their appointment with a study team member (not the student investigator) to go over the
consent process or were absent during the final in class attempt to administer the consent
process to any students who had not yet completed it. Four (5.6%) students who
consented to participate in the study dropped the class, and one (1.4%) other student who
had consented stopped attending without dropping the class. The final number of
participants in the control group was 31, and the final number of participants intervention
group was 45. See Figure 2.
Figure 2: Consenting Study Participants Flow Diagram
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Due to the significant cross contamination in the control class described above
and the small sample size, for the purpose of analysis the study participants were
regrouped into the MMU group (n=40) and the NU group (n=36). See Figure 3.
Figure 3: Mind Map Users (MMU) and Non-Users (NU)

Demographics
Demographics data are summarized in Table 3. The only significant difference
between the two groups was the average number of hours worked each week by those
students who were employed, with the NU group working an average of 24 hours per
week versus the MMU group working an average of 17.5 hours per week (p=0.0104).
Table 3. Demographics Characteristics of the Study Sample by Mind Map Use (n-76)
Variable

Age Category
18-22 yrs.
23-29 yrs.
30-39 yrs.
Gender (%)
Female
Male
Class (Year)
Freshman
Sophomore
Junior
Senior

Mind Map Users
(n=40)

Mind Map
Non-users (n=36)

n (%)

n (%)

35 (87.5%)
5 (12.5%)
0

29 (80.56%)
4 (11.11%)
3 (8.33%)

0.1751

25 (62.5%)
15 (37.5%)

20 (55.56%)
16 (44.44%)

0.5412

14 (35.0%)
13 (32.5%)
5 (12.5%)
8 (20.0%)

19 (52.78%)
8 (22.22%)
8 (22.22%)
1 (2.78%)

0.0768

40

p-value*

Variable

Credit Hours
3-6 Cr Hrs.
7-12 Cr Hrs.
13-15 Cr Hrs.
16+ Cr Hrs.
Race
American Indian
Asian
Black
Hispanic
White
Not answered
Hispanic
Hispanic
Non-Hispanic
Not answered
Employed
Employed
Unemployed
Employment: Average Hours
Worked Per Week: (Median
[IQR])
Previous Nutrition Class
Yes
No
Not Answered
Location of Previous
Nutrition Class
University
Community College
Children
Children
No Children
Care Giver of Child or Adult
Yes
No

Mind Map Users
(n=40)

Mind Map
Non-users (n=36)

p-value*

n (%)

n (%)

0
2 (5.0%)
15 (37.5%)
23 (57.5%)

2 (5.56%)
4 (11.11%)
12 (33.33%)
18 (50.0%)

0.1521

1 (2.5%)
1 (2.5%)
3 (7.5%)
19 (47.5%)
16 (40.0%)
0

3 (8.33%)
4 (11.11%)
2 (5.56%)
14 (38.89%)
12 (33.33%)
1 (2.78%)

0.0628

19 (47.5%)
21 (52.5%)
0

14 (38.89%)
21 (58.33%)
1 (2.78%)

0.3433

27 (67.5%)
13 (32.5%)

24 (66.37%)
12 (33.33%)

0.9389

17.5 [15-22.5]

24 [20-30]

0.0104a

8 (20%)
31 (77.5%)
1 (2.5%)

7 (19.44%)
29 (80.56%)

0.6017

5 (71.43%)
2 (28.57%)

3 (42.86%)
4 (57.14%)

0.2980

1 (2.5%)
39 (97.5%)

3 (3.95%)
33 (91.67%)

0.2586

3 (7.5%)
37 (92.5%)

4 (11.11%)
32 (88.89%)

0.6713

*Mantel-Haenszel Chi2 (α=0.05); aTwo-sided Wilcoxon two-sample test

Motivation and Grades
Motivation to do well in the class was assessed using a Likert scale of 1-10, with
1 meaning “not very motivated” and 10 meaning “extremely motivated. The median
level of self-reported motivation to do well in the class for each group was as follows:
MMU group 10 [IQR 8-10], NU group 9 [IQR 8-10] (see graphs 1a and 1b, respectively).
There was no significant difference in motivation between the two groups (p=0.1540).
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Graph 1a: MMU Group Motivation

Graph 1b: NU Group Motivation

Study participants were asked what final grade they expected to earn in the class.
The most frequent expected final grade for both groups was an A, as reported by 27
(67.5%) students in the MMU group and 20 (55.6%) students in the NU group. One
subject expected a grade between an A and a C. No one in either group expected a grade
D or F. There was no significant difference in the expected final grade between the
MMU and NU groups (p=0.1954). The distribution of actual final grades between the
two groups was not significant (p=0.0575), nor was it normally distributed in either group
(see Graph 2). Motivation, expected final grades, and actual final grades are summarized
in Table 4. Final grade distribution by group and gender are summarized in Table 5.
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Graph 2: Final Grades

Actual Final Grades
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15
10
5
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A+

A

B+
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C
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Table 4. Motivation and Grades
Variable

Mind Map Users
(n=40)

Motivation: (Median
[IQR])
Expected Grade (%)
A
Between an A and B
Between an A and C
B
C
D
F
Final Grade
A+
A
B+
B
C+
C
D
F

p-value
α=0.05

10 [8-10]

Mind Map
Non-users
(n=36)
9 [8-10]

27 (67.5%)
2 (5%)
0 (0%)
11 (27.5%)
0
0
0

20 (55.56%)
1 (2.78%)
1 (2.78%)
14 (38.89%)
0
0
0

0.1954*

0 (0%)
5 (12.5%)
3 (7.5%)
18 (45%)
5 (12.5%)
7 (17.5%)
2 (5%)
0 (0%)

2 (5.56%)
2 (5.56%)
4 (11.11%)
10 (27.78%)
2 (5.56%)
6 (16.67%)
8 (22.22%)
2 (5.56%)

0.0575*

0.1540a

*Mantel-Haenszel Chi2 (α=0.05); aTwo-sided Wilcoxon two-sample test

Final grades were heavily influence by homework, quizzes, and extra credit
points. Exams accounted for 375 (51.6%) possible points out of 775 points. Had final
grades been based solely on exams scores, a grade of C would have been the most
common grade in the MMU group, and D the most common grade in the NU group.
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Table 5: Final Grades by Group and Gender
Final
Grade

MMU Group
Group
(n=40)

NU Group

Male
(n=15)

Female
(n=25)

n (%)

n (%)

n (%)

A+

0

0

A

5 (12.5)

B+

Group
(n=36)

Male
(n=16)

Female
(n=20)

n (%)

n (%)

n (%)

0

2 (5.56)

0

2 (10.0)

1 (6.7)

4 (16.0)

2 (5.6)

0

2 (10.0)

3 (7.5)

1 (6.7)

2 (8.0)

4 (11.1)

1 (6.3)

3 (15.0)

B

18 (45.0)

8 (53.3)

10 (40.0)

10 (27.8)

5 (31.3)

5 (25.0)

C+

5 (12.5)

5 (20.0)

2 (5.6)

1 (6.3)

1 (5.0)

C

7 (17.5)

4 (26.7)

2 (12.0)

6 (16.7)

3 (18.8)

3 (15.0)

D

2 (5.0)

1 (6.7)

1(4.0)

8 (22.2)

5 (31.3)

3 (15.0)

F

0

0

0

2 (5.6)

1 (6.3)

1 (5.0)

Table 6: Grades Based Solely on Exam Scores
Grade

A

B

C+

C

D

F

MMU

0

9

1

15

9

6

NU

1

6

3

5

11

10

Linear Regression
The students’ exam scores and final grades were both used as dependent variables
in this study. Due to the very small sample size and the even smaller number of subjects
in non-white, non-Hispanic categories, ethnicity (Hispanic or non-Hispanic) was
analyzed as an independent variable instead of race. Independent variables included:
dosage (number of times the mind maps were used), gender, ethnicity, credit hours
enrolled in during the semester, and employment status. Motivation to do well in the
class was also used as an independent variable in one model. Exams 1-3 were normally
distributed. Exam 4, the average score of all four exams, and final grades were not
normally distributed. Dosage was also found to violate the assumption of normality (see
Graph 3a). To compensate for this violation, dosage was dummy coded: Use=1, No
use=0. See Graph 3b.
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Linear regression models are presented in Table 7. Model 1: Final grade~dummy
dosage (dd)+gender (m)+Hispanic (H)+ employed (emp)+credit hours (CrH)+motivation
(mot). There were no significant independent variables is this model.
Graph 3a: Mind Map Dosage

Graph 3b: Mind Map Use Dummy Coded

Model 2: Final grade~dd+m+H+emp+CrH. Gender was significant (p=0.0411)
and negative for male (t=-2.082).
Model 3: Average exam score~dd+m+H+emp+CrH+mot. Ethnicity was
significant (p=0.0343) and negative for Hispanic (t=-2.159).
Model 4: Final grade~dd+mot. There were no significant independent variables
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in this model.
Model 5: dd~m+H+emp+CrH+mot. There were no significant independent
variables in this model. The adjusted R-squared = -0.03881 indicates that this was a poor
model.
Model 6: Motivation to use the mind maps~motivation (to do well in the class).
Motivation to do well in the class was statistically significant (p=0.0328).
Table 7: Linear Regression Models
Model:

Dependent
Variable:

M1
Final grade

Independent Variable p-value:
Dosage
0.07
Gender
0.10
Hispanic
0.20
Employed
0.58
Credit Hours
0.38
Motivation
0.19
Adjusted R2:
0.10
F-statistic:
2.381
p=0.04

M2
Final grade

M3
Average
exam score

M4
Final grade

0.05
0.04
0.20
0.46
0.44

0.08
0.12

0.09

0.28
0.77
0.03
0.98
0.39
0.54
0.01

2.478
p=0.04

1.178
p=0.33

M5
Dosage

M6
MM
Motivation

0.05

1.00
0.56
0.89
0.31
0.44
-0.04

0.03
0.12

3.179
p=0.05

0.447
p=0.81

5.026
p=0.03

Exam Scores
Because points from assignments, quizzes, and extra credit were not well
controlled for when analyzing final grades, exams scores were analyzed. There was no
significant difference in exam scores between the two groups (see Table 8).
Differences in exam scores between subjects identifying as Hispanic versus NonHispanic were further compared and analyzed (see Table 9). Mean exam score (average
of exams 1-4) was significantly lower in Hispanic students compared to Non-Hispanic
students (p=0.03). There were no statistically significant differences in average exam
score when taking into consideration mind map usage between Hispanic versus Non-
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Hispanic participants.
Table 8: Exam Scores by Group
Exam 1*

Exam 2*

Exam 3*

Exam 4a

Exam 1-4a

MMU mean scores

74.85

70.40

70.50

68.80

71.14

MMU range

52-90

50-82

44-98

46-84

43-85.5

MMU SD

10.13

8.95

13.58

11.56

9.42

NU mean scores

74.89

68.80

66.33

66.89

68.75

NU range

50-96

52-88

48-84

46-82

54-87.5

NU SD

11.12

12.40

16.08

11.44

12.16

p-value

0.99

0.52

0.22

0.29

0.36

*Student’s t-test; aWilcoxon Rank Sum Test

Table 9: Comparison of Average Exam Scores Between Hispanic and Non-Hispanic Study Participants
Hispanic

Non-Hispanic

n

Exam
avg

Range

MMU

19

68.84

43-84.5

9.93

NU

14

64.36

52-87.5

10.91

All

33

66.94

43-87.5

10.43

p-value

n

Exam
avg

Range

MMU

21

73.21

52.5-85.5

8.68

.614

NU

22

71.55

32.5-90

12.32

.294

All

43

72.36

32.5-90

10.59

.029

SD

SD

Dosage
The number of study logs submitted by the MMU group (n=40) ranged from 33
(82.5%) for Exam 1 to a maximum of 38 (95%) for Exams 2 and 3. Reported combined
incidences of all study methods (reading, imagining mental images, underlining/
highlighting, frequent review, note taking, mind maps, mnemonics, summarizing,
explaining, flash cards, help seeking, answering questions, and other [see Appendix B:
Study Log]) use by the MMU group decreased from 979 incidences for exam 1 to 712 for
exam 4. In the 40 students who reported using the mind maps, frequency of use ranged
from 65 (Exam 1) to 99 (Exam 3). The number of submitted study logs, reported
incidences of any type of study, and reported mind map usage all decreased for exam 4
(see Table 10).
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Table 10: MMU Group (n=40) Study Logs and Reported Mind Map Usage Frequency and Percentage
Number of study logs
submitted by MMU
group (n=40)

Frequency of utilizing
any type of study
method

Frequency of
mind map use

Percentage MM use for study
%=(MM use/any study method)

Exam 1

33 (82.5%)

979

65

6.6%

Exam 2

38 (95.0%)

842

86

10.2%

Exam 3

38 (95.0%)

734

99

13.5%

Exam 4

37 (92.5%)

712

79

11.1%

Exit Survey Qualitative Analysis
As a follow-up question to evaluate whether the students found the mind maps
easy to understand, the students were asked: If no, what did you find difficult to
understand about the mind maps? Six (13.3%) participants out of 45 participants (in the
original intervention group) responded to this question, (1 male, 5 females). The most
common response to this question indicated that students did not like the organization of
the mind maps.
Question 3a.
If no, what did you find
difficult to understand
about the mind maps?

Example responses
“Writing was to close; couldn’t differentiate some points.”
“Too all over the place.”
“I couldn't see a clear heirarchy (sic) in the limbs as the farther from the
center. Sometimes there wasn't enough information for me to link to.”

Follow-up questions as to whether the mind maps were helpful in quiz
preparation, the participants were asked: If yes, explain how using the mind maps helped
you prepare for quizzes? and If no, why did you feel the mind maps did not help you
prepare for quizzes? Of the 44 participants who answered this question, 29 participants
(65.9%, 13 males, 16 females) found the mind maps had a positive impact, and 15
participants (34.1%, 7 males, 8 females) found that the mind maps had either a negative,
or no impact on quiz preparation. Providing a good summary or review were the most
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common reasons given to explain the mind maps’ positive impact on quiz preparation.
The most common reasons given for a negative impact on quiz preparation were that the
participants disliked the organization of the mind maps and that the lacked detail.
Limited or no use were the most common reason given for the mind maps having no
impact on quiz preparation.
Question 7a.
If yes, explain how using
the mind maps helped
you prepare for quizzes.

Example positive responses – Summary, Review
“It took out all the unnecesary (sic) things and summarized all the slides.
Faster and less to print.”
“Since the quizzes covered chapter material, the mind maps were an easy to
understand summary of the chapter with key points.”
“Provided a quick way to review.”
“They are an easy way to get a quick, efficient review of important
information. They are easy to follow, and helped me focus on main points.”

Question 7b.
If no, why do you feel
the mind maps did not
helped you prepare for
quizzes?

Example negative responses – Organization, Lack of detail
“There was just so much to know on them it was hard to pinpoint what I
needed.”
“Too much on 1 paper couldn't organize it.”
“I feel like the mind maps were too scattered to help me prepare for a quiz.
There was not enough summarizing properties for me to fully prepare for a
quiz.”

Follow-up questions as to whether the mind maps were helpful in preparing for
exams, the participants were asked: If yes, explain how using the mind maps helped you
prepare for exams, and If no, why do you feel the mind maps did not help you prepare for
exams? Twenty (64.5%, 9 males, 11 females) out of 31 participants who answered this
question gave a positive response, whereas 11 participants (35.4%, 4 males, 7 females)
gave a negative response. The most common reasons provided for the mind maps having
a positive impact on exam preparation were that the mind maps were a good summary of
the material and a useful study tool. The two most common reasons indicating that some
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of the participants felt the mind maps had a negative impact on exam preparation were
limited or no use of the maps, followed by lack of detail provided in the mind maps.
Question 8a.
If yes, explain how using
the mind maps helped
you prepare for exams.

Example positive responses – good summary, useful study
“Mind maps helped by providing main points and helped write out the study
guides.”
“They helped get me comfortable with the topics at hand.”
“I was able to group related topics together and trace them together to
build understanding and faster recall.”
“The mind maps created a train of thought that allowed me to make
connections between topics.”
“Efficient self-study.”

Question 8b.
If no, why do you feel
the mind maps did not
help you prepare for
exams?

Example negative responses – Limited/no use, Lack of detail
“I just did not use them.”
“I never used them.”
“I ended up not really using them, I focused on the study guide.”
“I didn't use them that much.”
“There were only key points so I noticed on exams we needed a little more
in depth concepts.”
“Lack of detail.”

Perception of Mind Map Use on Grades
Twenty-nine (64.4%) out of 45 participants (in the original intervention group),
(13 males, 16 females), answered the question: Do you feel that using the provided mind
maps had a positive impact on your grades? Seventeen (58.6%) out of the 29
participants who answered this question (8 males, 9 females) felt that the mind maps had
a positive impact on their grades. Eleven (37.9%) participants out of 29 participants who
answered this question (5 males, 6 females) did not feel that using the mind maps had a
positive impact on their grades. One (0.03%) female participant indicated that she was
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uncertain as to whether the mind maps had a positive impact on her grades. See Graph 4.
Graph 4: Perception of Positive Impact of Mind Map Use on Grades

Thirty-one (68.9%, 13 males, 18 females) out of 45 participants (in the original
intervention group), answered the question: How motivated did you feel to use the mind
maps provided to you? Reported motivation ranged from 1 (not motivated at all) to 10
(extremely motivated), mean = 5.77, IQR = 4-8 (see graph 5a). Eight (61.5%) out of 13
males reported higher levels (6-9) of motivation. Ten (55.6%) out of 18 females also
reported higher levels (6-10) of motivation. The difference in mean motivation to use the
mind maps for males (3.85) versus females (4.72) was not significant (p=0.97). See
graphs 5b.
Pearson correlation between motivation to use the mind maps and dosage (dd)
resulted in a R-square = 0.49006 indicating a high degree of correlation supported by pvalue (p=0.0051), which was statistically significant.
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Graph 5a: Reported Motivation to Use the Mind Maps

Graph 5b: Reported Motivation to Use the Mind Maps by Gender
14
12
10
8
6
4
2
0

1

2

3

4

Female

5
Male

52

6

7

8

Motivation

9

10

Chapter 5
Discussion
Major Findings
The use of mind maps has been shown to have positive effects on learning and
grades in a variety of student populations, particularly in the health sciences.8,-15,17-19
However, as of this writing, there is no published research on the use of mind maps in the
study of human nutrition in postsecondary education. This is the first study to examine
the effectiveness of instructor-prepared mind maps in an introductory human nutrition
course at an accredited university.
Analyses showed that the MMU (n=40) and NU (n=36) groups were well
matched. There were no statistically significant differences between the groups in age,
gender, class, credit hours, race, ethnicity, employment status, previous nutrition
education, number of children, and care giver status. However, for those students who
were employed, the average hours worked per week differed by 6.5 hours, with the MMU
group averaging 24 hours per week versus the NU group averaging 17.5 hours per week
(p=0.01).
The majority of students reported high motivation ([IQR 8-10] for both groups) to
do well in the class (see Graphs 1a and 1b). Without exception, all students in both
groups expected to pass the class, with the majority expecting to earn an A or B as their
final grade in the class (see Graph 2a). No one expected to have a grade lower than a C.
Differences in exam scores between MMU and NU groups were not significant
(p=0.9677). Neither were differences in final grades (p=.0575). In both groups, a final
course grade of B was the most common. Students who earned the highest grade (A+)
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and the lowest grade (F) in the course were both in the NU group.
Using final grade as the dependent variable, dosage was not found to be
significant (p=0.055). Gender was found to be significant (Model 2, p=0.041) negative
for male. A meta-analysis by Voyer and Voyer found that at every grade level, from
elementary school through graduate school, females performed better in every subject,
including STEM subjects.23
Average exam score was significantly associated with ethnicity (Hispanic versus
non-Hispanic) (Model 3, p=0.034). Further analysis revealed average exam scores was
significantly lower in Hispanic participants (mean=66.9% ± 10.4) compared to nonHispanics (mean=72.4% ± 10.6) (p=0.029), regardless of map use. See Table 9.
Unfortunately, this finding is consistent with a well-documented Hispanic achievement
gap at every grade level.24,25 Differences in mean exam scores between Hispanic and
non-Hispanic subjects was not significant within either the MMU group (p=0.614) or the
NU group (p=0.294). While not statistically significant, average exam scores for
Hispanic and non-Hispanic MMU were higher than Hispanic and non-Hispanic NU,
hinting that the mind maps may have had some positive effect on MMU group members’
exam scores.
Students’ perceptions regarding the impact of the mind map use on grades was
mostly positive, with 58% reporting a positive response to the question: Do you feel that
using the provided mind maps had a positive impact on your grades?
Based on the student investigator/instructor’s experience teaching this class over
the course of five semesters and conversations with other student instructors and other
faculty who have taught the same introductory human nutrition course for several years,
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students routinely underestimate the difficulty of the course. This can be seen in the
disparity between the expected final grades and actual final grades and exam scores. The
MMU group average exam score were 2.65 points higher than and the NU group. Final
grades were influenced by homework assignments and quiz scores, and extra credit
points accounting for 385 (49.7%) possible points out of 775 total points. If all factors
other than exam scores were removed, the most common final grade for the MMU group
would have been a C, and a D for the NU group (see Table 6). Based on the same
conversations with others who have taught this class at this institution, historically the
most common grade in this class has been a C.
Dosage was not significantly associated with final grade (p=0.05). As the
majority of the NU group (64%) were in the original control group, they did not receive
the mind maps. The other 36% of the participants in the NU group were in the
intervention class and had full access to the maps but chose not to use them. Dosage
ranged widely, but approximately half of the MMU group reported using the maps five
times or less. It is interesting to note that while the total reported number of any type of
study used by the MMU group (n=40) steadily decreased from exam 1 to exam 4, the
number and percentage of reported mind map used by the MMU group climbed from 65
incidences (6.6% of used study methods) for exam 1 to 99 (13.5% of used study
methods) for exam 3. The MMU group’s number of submitted study logs, reported use
of any study method, and mind map usage all dropped for the final exam. Students may
have divided their time and/or employed study techniques that were more familiar as they
studied for multiple exams during finals week, resulting in a decrease in mind map use.
Despite low use, the mind maps may have been a factor in the MMU group’s slightly
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higher, though not statistically significant, overall course performance.
Another factor that may have negatively impacted the NU groups’ exam scores
and final grades was the average number of hours employed students in that group
worked per week. Employed study participants in the NU group, on average worked 6.5
hours per week more than employed study participants in the MMU group (p=0.01).
In previous semesters, the student investigator/instructor had taught students how
to mind map, in an optional, out-side-of-class session. Those students who attended the
training generally improved their exam scores. The student investigator/instructor also
piloted the instructor-prepared mind maps in the semester prior to the study. As in other
studies,4,22 it was hoped that use of instructor-prepared mind maps would increase
acceptance and use of the maps by the students, as they were provided to save students
time, provide sufficient detail, and ease students’ burden by not having to mind map the
chapters themselves. During the pilot, the mind maps were enthusiastically received and
utilized. During the study, however, there was noticeably less enthusiasm for the mind
maps. The difference may have been that during the pilot semester, the mind maps and
mind mapping were explained to the students at the time they were introduced. Formal
introduction of mind maps or mind mapping was reported in every study reviewed for
this paper,9-19 as well as other studies not reviewed.22,26,27 For this study, however, it was
decided that in order to not influence the students’ decision to use the mind maps, the
maps would be introduced via the document How to Get the Most Out Of Your Study
Time (see Appendix D). This may have resulted in less enthusiasm and less use.
Based on the above results, the answer to whether the instructor-prepared mind
maps increased exams score and final grades is no. Therefore the null hypothesis must be

56

accepted: There is no difference in increased knowledge, exam scores, or final grades
between students who used instructor-prepared mind maps and those who did not use
instructor-prepared mind maps over the course of one semester in an undergraduate threecredit introductory human nutrition course.
In answering the research questions on the students’ perception: In what ways did
the mind maps impact the participants’ preparation for quizzes? and In what ways did the
mind maps impact the participants’ preparation for exams?, the majority of the students
who answered these questions felt that the mind maps were useful in quiz and exam
preparation, and that they had a positive impact on their final grades. Therefore, for those
students who answered these questions, the overall perception of the mind maps was
positive. These results are similar to those reported by the majority of the studies
reviewed for this paper; subjects’ perceptions of mind maps or mind mapping were
generally positive, regardless of whether mind maps or mind mapping were found
effective in improving learning and exam scores.10,14-19 In contrast, the overall
perceptions of mind mapping by the subjects in the Zipp et al. study were negative,
despite the students finding mind mapping was helpful in encouraging the students to
read the assigned chapters and study for the exams.13
Motivation to use the maps was not particularly high in this sample (see Graph
5a), which may also help explain the low exam performance. Motivation is a commonly
reported barrier to using mind maps or mind mapping.12,16 This may be due to the
students’ unfamiliarity with this particular study technique, or the perceptions of mind
mapping being too time consuming or difficult.12 Providing training on mind mapping
and explaining the benefits prior to requiring students to employ this study technique
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seems to be an important factor in overcoming the low motivation barrier.12,16
Limitations
This study has several limitations. Originally, quiz scores were intended to be
part of the measurement for knowledge and retrieval, as they were not multiple choice
and required the student to retrieve information from the lectures or textbook and to apply
that knowledge. The student investigator/instructor failed to ask about MM use on each
quiz given to the intervention class, so there was no way to adequately track MM use for
quiz preparation.
The use of final grade as the dependent variable did not consider points from
homework, quizzes, and extra credit points. For the sake of analysis, it would have been
easier to not assign most of the homework; however, providing a quality nutrition
education and teaching valuable skills was deemed more important in the long term by
the student investigator/instructor.
The study design was another limitation. In each of the studies reviewed, the
mind maps, or mind mapping, were formally introduced to the students by either an
instructor or the researchers. In this study, it was decided that the mind maps would be
introduced via a document explaining the maps and how to use them, so as not to
influence the students’ decision about whether to use the maps. Additionally, the process
of mind mapping yields the greatest benefits,22 therefore the use of instructor-prepared
mind maps may be been an impediment for some or many of the students. In retrospect,
a crossover study design would have been a better choice. A crossover study design
would have yielded better baseline data, as well as the ability to better compare the
impact of the mind maps on learning, recognition, and retrieval between the two classes.
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Self-reporting resulted in missing and unusable data. Not every student in both
groups completed and handed in a study log for each exam. Of those students who did
hand in their study logs, most failed to read the instruction and did not fill them out as
requested. Therefore, instead of tracking the amount of time spent using the mind maps,
as had been the original intent, the number of times the mind maps were used was
calculated. There were a number of students who identified as non-users that reported
some level of motivation to use the maps. In addition to poorly completed and missing
study logs, many of the MMU subjects did not complete the exit survey. The exit survey
was provided only to the intervention class, therefore students (n=8) in the control class
that used the mind maps were not able to complete the survey. Additionally, the exit
survey was two-pages long and printed on both sides of a single sheet of paper. Of the
students who received the exit survey, 29% did not turn the paper over and complete the
second page of the survey.
Lastly, the small sample size limits the generalizability of the findings and
necessitates a great deal of caution in the interpretation of the results.
Implications and Suggestions for Further Research
Based on linear regression models 2 and 3, there are two groups of students who
need extra support, male and Hispanic students. It is difficult to overcome years of
academic disadvantage as the students begin their college careers. Mind maps and/or
mind mapping may be a valuable tool in helping to close the achievement gap and foster
academic success. As mind mapping has been found to be helpful in many and varied
subjects, early training in the use of this study technique could be helpful for struggling
students.
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Given the number of limitations, including the small sample size of this study, the
results must be interpreted with a great deal of caution. While this study failed to show
the benefit of using instructor-prepared mind maps, instructor-prepared mind maps may
be a valuable addition to human nutrition course materials. Therefore, further research
investigating pre-made mind maps and mind mapping in the study of the science of
nutrition is warranted. Whether there is a difference in the type of student who would
choose to use the mind maps has not been explored. If there is a difference, it may have a
greater effect on course performance than the mind maps themselves. This is also a
possible area for further research.
Conclusion
Although this study failed to show that the use of instructor-prepared mind maps
had a positive impact on knowledge and course performance, the use of mind maps can
be a useful study technique in the study of human nutrition, especially as the subject
matter becomes more in depth and detailed. Greatest gains in knowledge, understanding,
recognition, and recall are achieved when students make their own mind maps.
Regardless, instructor-prepared, or teacher-centered maps are not without value or
positive impact on learning and grades. Greater efforts to formally introduce mind
mapping to students and including mind mapping in students’ course work, especially
early on in their college careers, may help overcome resistance to the use of the study
technique and foster better prepared students to enter health care professions.
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Appendix A: Baseline Survey

Research Baseline Survey
Demographic information: (Please fill in the blanks)
1. Last 5 digits of your student ID No. ________________
2. Age range: (Check one box only)
18-22 years old
23-29 years old
30-39 years old
40-49 years old
50 or older
3. Gender: (Check one box only)
Male
Female
Other
4. Race/Ethnicity (check the ONE that you MOST identify with)
American Indian, Alaska Native, Native Hawaiian or other Pacific Islander
Asian
Black or African American
Hispanic or Latino
White or Caucasian
Other, please specify:
Education Information
5. Year in college: (Check one box only)
Freshman
Sophomore
Junior
Senior
6. How many credit hours are you taking this semester?
3-6 hours
7-12 hours
13-15 hours
16+ hours

7.

What is your major?
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Nursing
Dental Hygiene
Nutrition
Exercise Science
Other, please specify:
8. Do you have any certificates, undergraduate or graduate degrees?

Yes

No

a. If yes, what certificates or degree(s)? ___________________________________
9. Have you ever taken a Nutrition class at a college or university prior to this class? Yes
No
a. If yes, how many Nutrition classes have you taken? _______
b. Was the Nutrition class at a community college, or another university?
Community college
University
Outside Responsibilities: (Circle the appropriate answer and fill in the blanks)
10. Are you employed at a paying job?

Yes No

a. If yes, on average, how many hours per week do you work during the semester?
(Include hours at all paying jobs) _________ hours
11. Do you have children? Yes No
a. If yes, how many children do you have?
1
2
3
4 or more
b. What are the ages of your children? ______________________
c. Do any of your children currently live with you?

Yes

No

i. If you have minor children (defined as younger than 18 years of age),
how many live with you?
1
2
3
4 or more
12. Do you care for a parent, grandparent, or other family member?
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Yes

No

a. If yes, how many hours per week do you far for a parent, grandparent, or other
family member? __________ hours
13. Do you have any major medical problems and/or disabilities that interfere with your
study habits?

Yes

No

Study techniques:
14. How often to you use the following study techniques?
Almost
never

Frequency

Study Technique

Almost
always

1

2

3

4

5

Reading and rereading

1

2

3

4

5

Note taking

1

2

3

4

5

Flash cards

1

2

3

4

5

Highlighting/underlining

1

2

3

4

5

Mind mapping

1

2

3

4

5

Mnemonic devices (Ex: OIL RIG = Oxidation is Losing,
Reducing is Gaining)

1

2

3

4

5

Imagining mental images for written or lecture material

1

2

3

4

5

Help seeking (from tutors, CAPS, office hours, other students,
etc.)

1

2

3

4

5

Frequently reviewing material

1

2

3

4

5

Explaining new materials or difficult concept to yourself or
another person

1

2

3

4

5

Summarizing

1

2

3

4

5

Answering the questions at the end of the chapter(s)

15. How motivated are you to do well in this class?
Not very motivated 1 2 3 4 5 6 7 8 9 10 Extremely motivated
16. What grade do you expect to earn in this class?
A
B
C
D
F
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Appendix B: Study Log
Last 5 digits of student ID number: ________
Unit 1 Study Log: Please record the method of study and the amount of time using that method for
quizzes and the exam in this unit.
Study method codes:
R = reading and rereading
I = imagining mental images for written or lecture material
U = underlining/highlighting
F = frequently reviewing material
N = note taking
MM = studying or copying mind maps
Mn = making up and/or using mnemonic devices
S = Summarizing
E = explaining new or difficult material to yourself or another person
FC = Flash cards
H = help seeking (coming to office hours, emailing instructor, studying with a classmate, using the
internet to gain better understanding of material)
A = answering the questions in the textbook throughout and at the end of each chapter
O = Other methods not listed above
Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date

Date
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Appendix C: Exit survey
Exit Survey
Last 5 digits of your Student ID No. ___________________________

Mind Map Usage
Questions:
1.

Yes

Prior to this class had you ever heard of mind maps?
1a. If yes, have you used mind maps prior to this class?

2.

Did you find the mind maps easy to read?

3.

Did you find the mind maps easy to understand?
3a. If no, what did you find difficult to understand about the mind maps?

4. Did you find the mind maps useful as a summary of class material?
5. Did you find the mind maps useful in memorizing class material?
6.

Did you share or show your mind maps with anyone in another NUTR 244 class?

7. Did you find the mind maps helped you prepare for quizzes?
7a. If yes, explain how using the mind maps helped you prepare for quizzes.
7b. If no, why do you feel the mind maps did not help you prepare for quizzes.
8.

Did you find the mind maps helped you prepare for exams
8a. If yes, explain how using the mind maps helped you prepared for exams.

8b. If no, why do you feel the mind maps did not help you prepare for exams.

9. Do you feel that using the provided mind maps had a positive impact on your grades?
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No

Motivation
Questions:

Yes

No

10. On the following scale, how motivated did you feel to use the mind maps provided to you?
Not at all

1

2

3 4

5

6

7

8

motivated

9

10 Extremely
motivated

11. Will you make and use mind maps in other classes?
11a. If yes, why?

11b. If no, why not?

This survey was printed double-sided on a single sheet of paper. Questions 1-7b were on
page one. Questions 8-11b were on page two.
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Appendix D: Explanation of Mind Maps

HOW TO GET THE MOST OUT OF YOUR STUDY TIME
Did you know that in order for information to become part of your long-term memory
you have to be exposed to it about 17 times? Yes, 17 times! Tha00.0.
t’s a lot of studying! And a lot of time!
Did you know that there is a more efficient way to get those 17 exposures, without
having to spend hour after hour cramming? Yes, there is. Mind maps are an effective,
time-saving way to study, that have been shown to help commit information to long-term
memory, increase retention and increase understanding. The best thing about them is that
they are easy to make, easy to use, and take advantage of the kinds of things your brain
likes – language, imagery, space, color and logic.
Students in this section of NUTR 244 are being provided with already made mind maps
based on the instructor’s PowerPoint lecture slides. The mind maps contain the same
information, but in an abbreviated form. To get the most out of your study time, follow
the following instructions.
How to use the mind maps for study:
1)
2)
3)
4)

Read the assigned chapter (once, preferably before the lecture)
Read the PowerPoint slides (at least once)
Frequently review the mind maps (daily, or at least 3-4 times per week)
After you review the maps, test yourself and see how much you remember. Go
back and restudy the material that needs more work.

You will find that it only takes a few minutes to review the mind maps, but that
you will have greater recall of the material on the PowerPoint slides and in the
textbook.
The maps are designed to be readable when printed on 8.5” x 11” paper. Space has
been left so that you can add notes or images to enhance the maps for your personal
use.
The maps will be most effective if printed in color.
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Example mind map and PPt slide:
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Appendix E: Example Mind Map
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